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Important structural and functional properties of polycrystalline 
materials are strongly affected and to a large extent even controlled by the 
presence of planar defects (homophase and heterophase interfaces) and line 
defects (dislocations). Hereophase interfaces between metals and ceramics can 
enhance but also deteriorate the functional properties of composite materials 
and structural properties of protective coatings. To make the optimal material 
selection it is therefore important to have a good understanding of the influence 
of phenomena at an atomic scale on macroscopic properties.  
In this thesis, interfaces between metals and ceramic are studied from a 
fundamental point of view. The influence of interfaces on the atoms and ions in 
its vicinity and the resulting structural affects are studied. The results that are 
found with a fundamental approach are compared to experimental 
observations in our group on similar interfaces with high-resolution 
transmission electron microscopy. 
In addition to the structural observations, also physical properties of the 
interfaces are calculated, such as the work of adhesion and the interface energy. 
With the necessary precautions, these results can also be compared with 
experimental results. From these physical properties, it is possible to do a 
prediction of the optimal shape of a ceramic particle in a metal matrix. 
The calculations can be carried out with several theoretical approaches. Each of 
these approaches is based on different assumptions, thereby resulting in 
different levels of accuracy and time that is required for each calculation. In 
general, a more accurate calculation also needs more computer time. 
For the work described in this thesis, several methods are combined to achieve 
accurate results within a limited timeframe. First quantum-mechanical 
calculations are performed on simplified models of the interface under 
investigation. Calculations of the structure relaxations are then performed on 
interfaces that are more complicated. These calculations are executed with 
mathematically simplified parameterized potentials. The values of the 
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parameterized potentials are determined from the results of the quantum-
mechanical calculations.  
Because charges are present in the ceramic, image charges are formed in the 
metal; the interactions between these charges are long-ranged. The 
parameterized potentials are short-ranged and consequently they cannot give 
an accurate description of the long-ranged charge interaction. To be able to give 
a description of the charge interactions the Discrete Classical Model (DCM) is 
implemented. The DCM is used in combination with multipole expansions to 
calculate the influence of the charges in surrounding unit cells. 

















In literature, results of calculations on the first two interfaces can be found. This 
offers the opportunity to test our computational methodology. Despite the 
strong simplifications in our model, the results show a good agreement with 
literature and support us to explore our methodology also for more complex 
systems. 
In the past, transmission electron microscopy have been employed in our 





precipitates in a metal matrix, where the metal can be either palladium or silver. 
In this thesis our new methodology has been confronted with these 
observations. Calculations have been performed to determine the optimal shape 
of these precipitates from a theoretical point of view, based on the calculated 
interface energies of different facets.  
The results for the precipitates in a palladium matrix are in excellent agreement 
with the shapes experimentally determined with high-resolution transmission 
electron microscopy. The calculations for the precipitates in a silver matrix are 
performed on similar structures as for a palladium matrix, the calculated 
interface energies are too low, i.e. almost identical crystallographic structures 
are no guarantee for the same computational success. 
